As we mentioned in the preface of the last special issue (Suzuki et al., 2015) , greater interests in submarine resources have been generated recently because many people have realized their high potential. However, exploration methods for submarine mineral resources have not been well developed yet. This is partly because the genesis of the resources is poorly understood. To solve this problem, geochemical investigation possibly plays an important role in elucidating the genesis of submarine mineral resources. Based on such scientific investigation, many technologies used in underwater environments such as autonomous underwater vehicles (AUV) and electromagnetic survey tools have been significantly improved. In this situation, we realized that progress of scientific research on submarine resources should be well organized and be published in a special issue of Geochemical Journal. Therefore, we briefly summarize the essence of the papers in the two special issues (Vol. 49, No. 6 and this issue) .
Solid methane hydrate is one of the potential energy resources in the ocean. It contains a large amount of methane within the crystal structure of water under the lowtemperature and high-pressure condition in sub-seafloor environment. As the primary source of methane in the hydrate is of methanogenic origin, investigation on the methanogens distribution leads to better understanding of the generation processes of methane hydrate. Kaneko et al. (2014) recently developed the highly sensitive tech-wide-area multi-beam echo-sounding system (MBES) and found several acoustic anomalies in the water columns in the Okinawa Trough area. Observation of ocean floor and sub-seafloor using instruments mounted on AUV has been attempted because of the possible wide application of recent AUV. Kasaya et al. (2015) used the high-frequency MBES system mounted on AUV and obtained more precise images of the hydrothermal plumes than those acquired by on-board MBES in the Iheya North Knoll, the Okinawa Trough. Asada et al. (2016) also in this issue observed the hydrothermal area using the integrated highresolution acoustic observation equipment consisting of multibeam echo sounder (MBES), sidescan sonar (SSS) and sub-bottom profiler (SBP) systems on the AUV Urashima (JAMSTEC). They indicate extension of the ore area on caldera floor and shallow sub-seafloor of the Bayonnaise Knoll, an actively rifted part of the Izu-Bonin volcanic arc. They claim that acoustic investigations along with appropriate interpretation are very useful to determine the detailed distribution of hydrothermal ores on the seafloor and at shallow subsurface. Komaki et al. (2016) also used AUV to measure the echo intensity (EI) with an acoustic Doppler current profiler (ADCP) over three hydrothermal vent fields (Snail, Archean and Pika) within the South Mariana Trough and found clear EI anomalies over the Pika and Archean vent fields. The characteristics of the higher EI anomalies were carefully examined and described in their work in terms of their relationship with turbidity. Chemical survey is also an effective way to find and identify hydrothermal vents. Okamura et al. (2015) in the previous issue developed the deep-sea hydrogen sulfide ion (HS -) sensors based on linear sweep voltammetry with three electrodes. Yamamoto et al. (2015) developed a Hg sensor based on an anodic stripping voltammetry method. They have successfully detected the hydrothermal plumes in the South Mariana and Okinawa Trough and in the Iheya North hydrothermal field in Okinawa Trough, respectively.
In addition to the papers regarding survey of the hydrothermal plume mentioned above, Toki et al. (2016) discussed in this issue the chemical characteristics of the hydrothermal fluids from the Hatoma Knoll in the Okinawa Trough. They found a single source of the fluid which possibly underwent the phase separation beneath the seafloor. The hydrothermal fluids from the Hatoma vent possess the similar chemical feature to those of the other hydrothermal fluids in the Okinawa Trough. Based on the lower He isotopic compositions and the lowest carbon isotopic compositions of CH 4 in the fluids, Toki et al. (2016) suggested that the Hatoma hydrothermal system is the most significantly influenced by the sediments in the recharge zone among the Okinawa Trough hydrothermal systems.
The A dense field of spherical ferromanganese (Fe-Mn) nodules with 5-10 cm in diameter was found approximately 300 km east of the Minamitorishima Island in the western North Pacific . They report that high acoustic reflectivity observed by the onboard acoustic system is related to this dense occurrence of the nodules. They found elements such as Fe, Ti, Co, As, REEs are concentrated in the nodule rim, while elements such as Al, P, Ca, Ni, Zn, Y, Mo, Ce and W are concentrated in the center, and decrease toward the rim. They suggest that Fe-Mn nodules in the area have high potential for metals of economic interest, especially Co, Ni, Mo and W. These Fe-Mn nodules can also serve as sources of information on paleoceanographic events since early Oligocene time.
Following the findings of REY-rich mud in the eastern South Pacific and central North Pacific Ocean (Kato et al., 2011) , a REY-rich mud layer was also reported in the eastern Indian Ocean, and that enrichment of REY in this area is controlled by the sedimentation rate (Yasukawa et al., 2014 (Yasukawa et al., , 2015 . In the present issue, Iijima et al. (2016) report the discovery of deep-sea mud extremely enriched in REY around the Minamitorishima Island in the western North Pacific. The maximum total REY concentration in this area reaches approximately 7000 ppm, which is much higher than that reported for conventional REY deposits on land and other known potential REY resources in the ocean. Fujinaga et al. (2016) describe the detailed lithological and chemical characteristics of REY-rich mud similar to those investigated by Iijima et al. (2016) and the surrounding sediments around the Minamitorishima Island in this issue. The REY-rich mud layers are characterized by abundant grains of phillipsite, biogenic calcium phosphate and manganese oxides, and are widely distributed in relatively shallow depths beneath the seafloor in the southern part of the area around the Minamitorishima Island. Takahashi et al. (2015) investigated the detailed geochemical characteristics of the deep-sea sediments recovered from the ODP core collected from the northwestern Pacific based on the chemical compositions of the sediments, especially REE pattern, synchrotron X-ray absorption spectroscopy and chemical leaching method. They suggested that REE abundances in apatite (described as 'biogenic calcium phosphate' above), which is the key mineral in the processes of REY enrichment (Kashiwabara et al., 2014; Kon et al., 2014) , in the sediment depend on the amount of REEs fixed in Mn (and Fe) oxides, and then apatite finally fixes the REEs during early diagenesis. They also mentioned the possibility and limitation of using apatite as a proxy of seawater chemistry. Ohta et al. (2016) analyzed the mineralogy and grain size distribution of the cores around Minamitorishima Island by microscopic observations. They found that the highly REYenriched layers (ÂREY > ~2,000 ppm) contained significant amounts of calcium phosphate and phillipsite. The shapes of the calcium phosphate grains suggest that they were mostly biogenic in origin. Based on these results they claim that the bulk ÂREY content was mainly controlled by the amount of biogenic calcium phosphate, which is well known to concentrate REY. Increased accumulation of biogenic calcium phosphate was responsible for the REY enrichment, which is consistent with the above-mentioned abundant REY in apatite in the sediments (Kashiwabara et al., 2014; Kon et al., 2014) . Takaya et al. (2015) proposed an appropriate method to extract REY from extremely REY-enriched sediment from northwestern Pacific Ocean. They reported that the highest extraction efficiency of REY other than Ce was over 95% using hydrochloric acid and over 80% using sulfuric acid. Nakamura et al. (2016) propose a way to obtain information over a wide distribution of REY-rich mud around the Minamitorishima Island using acoustic characterization of pelagic sediments from sub-bottom profiler data. They found that three types of the acoustic facies can be distinguished: opaque (O), transparent (T) and layered (L). The O-type facies is acoustically opaque and highly reflective beneath the top surface. The T-type facies is acoustically transparent, with a basal reflector from the acoustic basement. The L-type facies is characterized by a layered sequence of multiple reflectors. Based on correlation of the acoustic facies types with lithological and geochemical data of sediment core samples, they showed that the T-type facies correspond to REY-rich mud and L-type facies correspond to non-REY-rich sediment covering REY-rich mud. These findings can lead to an appraisal of the rough distribution of REY-rich mud by ship survey.
Scientific research on submarine resources is getting more important both for better understanding of global material cycling and for their exploration. Our goal is to promote the research on submarine resources. We hope that our two special issues are useful for this purpose.
